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An Environment for
Development
The issue of how chemicals and metals in
the environment affect human health coIn-
tinuies to gain attention and attract more
resear-ch dollars. However, most of the
research being conducted on the issue tends
to focus onl adults, with precious few stud-
ies examining how exposure to these sub-
stances duiring development affects children
in the long rui1.

-There are a lot of processes being set
LIp, or 'imprinted,' during development.
anid if something is set up incorrectly, it
affects the child's whole life," says Retha
Newbold, a biologist and head of the
Developmental Endocrinology Section in
the Laboratory of Toxicology at the
NIEHS. "Children don't have the same
protective mechanisms built in that adults
do. For example, they don't have the differ-
ential metabolic processes to break down
some toxicants." Furthermore, she says,
"Because a child has a smaller body mass,
there mnay be more of [a toxicantr hitting a
smaller target.

iQuestions abouind as to whether toxi-
can ts affect childrenl differently than adLilts,
at what levels they cause damage, anid if
such damnage is reversible. Newbold's grouip
atnd two other groups at the NIEHS are
trying to shed light on these issues.

Estrogens and Children
Newbold concentrates her research on the
effects of both estrogens and chemicals in
the enivironniciit that possess estrogenic
activity onl fetal and early childhood devel-
opment. "Everywhere you look, there are
eithier naturially occurring substances or
syn,tthetic substances that have estrogenic
activity," Newbold says. "And if they have
estrogenic activity, they have the potential
to have endocrine-disrupting
activity.

Newbold has conducted
extensive research on the syn-
theitc estrogenic compound
diethylstilbestrol (DES), which
was developed in 1938. DES
wvas thought to prevent miscar-
riage and was therefore given
to millions of pregnant women
from the late 1940s through
the 1 970s. It was also used as a
stipplement in cattle and
chicken feed for many years.

In 1971, doctors discov-
ered that some of the daughters
of women who were given
DES developed a rare form of
vaginal cancer in their teenage
years. Ensuiing research Retha Newbc
i-xevealed thadt less than1 1i% of Cover credit: The E
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the daughters developed cancer but that
90-100% of the daughters experienced
various reproductive tract problems,
includinig menstrual irregLilarities and
iinfertilitv.

In 1975, Newbold and colleagues were
the first to discover that DES exposure also
affects nmale offspring in studies of mice.
Subsequent human studies found that,
indeed, men exposed to DES in utero expe-
i-ienced testicular and other reproductive
irlact abnormalities. More recently,
Newbold and colleagues have been investi-
gating the possibility that DES effects cotild
be triatnsmitted to succeeding generations. In
1 998, thev discovered that increased stiscep-
tibilitV to ttImor formation appeared to be
trarismitted to the granddaughters of female
mice exposed to DES while pregnant.

IThe researchers treated three grotips of
mice with DES at different stages of devel-
opnment. One group was treated on days
9-1 6 of gestation, which is a time of major
organogenesis. Another group was treated
once on dax 18 of gestation, jist prior to
biirth atlid the third group Nwas treated otn
dlavs 1-5 after birth.

Fertility was decreased in all groups, as
p)rexotis research had predicted. Thc
female mice in each group were then bred
Wsith control males. The fertility of their
offspring xwas not affected. However, an
increased incidence of malignant reproduc-
tive tract tumors, including uterine adeno-
carcinoma, was discovered in all three
gioroups. This indicates that all developmen-
tal exposLIre periods were considered sus-
ceptiblc to the adverse effects of DES. IThe
researchers concluded that, while infertilirt
noaIlOt passed on, increased susceptibility

to tuimor formation appeared to be trans-
mi tted through two generations. The
resuilts of the study were published in the
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September 1 998 issuie of (Car(znoge7,iesis.
The finding suggests that DES exposure

may cause a defect that is passed on to off-
spring throtigh muIltiple gencrations, saysx
Newbold, and raises the issric that othei-
chemical carciniogenic compounds could
have the same effect. Newbold says these
findings can be tested in epidemiological
studies by following DES-exposed children
and grandchildren. It is quiite possiblc that
events that lead to tLImor formation max
begin well before birth and possibly before
conception, shc says. 'Perhaps w,te n1eed to
go back even fuirther in development when
looking for a cause and an effect," she says.
adding, "Maybe this only happenis in mice,
but this is an indicationi that wve need to
look in humans." She is cLirrentlv examill-
ing the next generation, the great-granid-
daughters of DES-exposed mice.

Newbold and colleagLIes are also con-
ducting studies on other estrogyeniic cor-
pounds to determine if theire aie transgen-
erational effects. Ihey are also working
with the Food and Drug Adminlistration
as part of ani interagencv effort to look at
the effects of enidocrine disitiptinig agents
in multiple generations. Some of the sub-
stances they are investigating are imecthoxs-
clhlor (a pesticide), ethvnly1 estradiol (a
synthetic estrogeniic comiipotind uised in
birth control pills), and genistein (a natr-
rally occurring estrogenic compouind
found in soy products).

Pesticides and Children
In 1988, Congress asked the National
Academy of Sciences to evaluate the risks
posed to infants and children bs residual
pesticides in the food supply. The acadernx
released a report in 1993, Pesticides inl the
Diets ofInfants and Children, that concluded
that more information is needed about the

long-term effects of exposure to
pesticides during childhood
development on the reproductive,
iimmune, and nervous systems.

In response, the U. S.
Environmenltal Irotection
Agency and the National
Toxicology, Program (NTP),
headquartered at the NIEPHS.
organized a collaborative research
effort in 1994 to examine seven
pesticides methoxychlor, car-
baryl, chlorpyrifos, parathion,
tebuconazole, atrazine, and
trichlorfon. Robert Chapin, a
toxicologist in the Reproductive
Toxicology Group at the NTP
who is heading the research
effort, says that each pesticide
will take approximatels one sear
tO strids-
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According to the research protocol, the
researchers administer various dose levels of
the pesticides to pregnant rats for the week
before birth and the week after birth, and
to the individual offspring for six weeks
after birth. The rats are then divided into
groups and tested for reproductive toxicity,
immunotoxicity, and neurotoxicity. The
researchers also assess the levels of pesticides
and metabolites in the breast milk of the
exposed mothers.

Methoxychlor, which has been in use
for almost 50 years for insect and larval
control, was the first pesticide studied.
Previous research had indicated that
methoxychlor is estrogenic, and that it
adversely affects the reproductive system.
Because the researchers expected to find
changes in reproductive end points after
exposure to methoxychlor, they chose to
examine it first to serve as a positive control
for the study design.

Indeed, the researchers confirmed that
methoxychlor is estrogenic. They also found
that females are more sensitive than males to
methoxychlor, and that low doses, which
were previously thought to have no effect,
actually do adversely impact the female
reproductive system. In males, they found
that high doses of methoxychlor affect
sperm count while lower doses do not.

At high doses, the researchers observed
subtle changes in the behavior of the
females, but there were no other apparent
behavioral changes, and they found no
effects on the immune system. These results
were published in the November 1997
issue of Fundamental and Applied
Toxicology.

The researchers have also completed
studies on carbaryl, a short-acting carbamate
that is commonly used as a household pesti-
cide, and tebuconazole, a widely used anti-
fungal. The results have been presented at

g meetings and are cur-
J rently being prepared

for publication.
E Chapin says that the

> researchers found no
A apparent, consistent

effects of carbaryl on
the reproductive,
immune, or nervous
systems. Tebucona-
zole produced selec-
tive effects on learn-
ing in rats, which the
neurotoxicologists are
further exploring.
They expect to pub-

Zi? lish results from these
studies in the next
year. Current re-
search is focusing on

chlorpyrifos, a relatively long-acting
organophosphate. Chapin says the entire
research effort should be completed in about
four years.

"The wonderful thing about this type of
approach is that the whole is greater than the
sum of the parts," says Chapin. When all the
studies are completed, he says, NTP and
EPA researchers and regulators will meet to
examine the entire body of data and deter-
mine whether patterns exist or if effects are
specific to the individual chemicals.

Meanwhile, Chapin and colleagues
have also been working with the state of
Hawaii to study heptachlor, a pesticide
used extensively in pineapple fields in the
1970s. After pineapple har-
vests, the leaves of the plants
are chopped and used as cattle
feed. In the early 1980s, large
amounts of heptachlor residues
were detected in the milk sup-
ply from cattle fed with these
leaves. Hawaiian children who
were briefly exposed to the
residues early in life are now.
reaching adulthood. NTP
researchers are currently com-
pleting studies on heptachlor
and expect to publish results
within the next year. The
results should help the island
state identify possible health
effects to be monitored in these
young adults.

Pollutants and Children
Walter Rogan, a clinical inves-
tigator in the Epidemiology
Branch at the NIEHS, has been
involved with three major stud-
ies examining the effect of pol-
lutant chemicals on the growth

In the 1970s, Rogan and colleagues
tested the hypothesis that polychlorinated
biphenyls (PCBs) and DDE in breast milk
might be toxic to infants. They identified
900 children in North Carolina born
between 1978 and 1982 and tracked them
through puberty. They found that transpla-
cental exposure to PCBs rather than lacta-
tional exposure produced small but persis-
tent delays in motor development from
birth to age two.

The researchers also showed that DDE
at high levels was associated with earlier
weaning. They speculated that this was due
to the estrogenic activity of DDE, because
estrogen inhibits milk production. The
researchers later replicated this finding in
Mexico. Rogan says this is "the clearest
example of environmental estrogens affect-
ing people." He says that the duration of
lactation periods is significant in many
parts of the world because of the reliance
on breast milk to feed infants.

Rogan and colleagues conducted a sec-
ond study on exposure to PCBs and poly-
chlorinated dibenzofurans following a food
poisoning episode in Taiwan in 1979. They
examined children who were born up to
seven years after the incident, all of whom
were transplacentally exposed to the chemi-
cals, which persisted in their mothers' tissues
after the women ate contaminated cooking
oil. The researchers found that these chil-
dren experienced ectodermal effects, abnor-
mal behavior, and developmental delay.
Rogan says this study, published in the 15

_-

and development of children. Walter Rogan
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The Myth ot
Toxic Waste
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So you:'d better kno who you can
trutt. Environmentdl Health Perspectives
draws on more thAn 25 years of scientific
publishing, btcked by the authority of
the National InstitstOfHealth-National
Institute of bvironmental Hefth Sciences,
to provide you with the mto tcurnt and
credible information available to help
you make decisions about your health

and the environment.

Each month we delve into the issues you
care about such as:

water, air, and soil pollution
urban sprawl
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JulI, 1988 issue of Science, was very influen-
tial, prompting the state of California to
label PC'Rs as a reproductive hazard for
humiiiiatis.

Rogan is currently project officer for a
trial exanmining treatment of children
exposed to lead. Lead has clearly been
show'nrll to impair cognitive development
in chilldren1, producing a dose-related
reductioni in developmental test scores.
An. inicrease in blood lead of 10 pg/dL is
associated witlh a decrease in IQ of 2-3
points. Research has also indicated that
exposure to low levels of lead may also
affect growth, hearing, behavior, and
blood pressure.

In 1991, the Centers feor Disease
(Control and Prevention recommiinended
universal screening of childrenl for blood
lead. They recommended chelation thera-
pv for children with levels of 45 pg/dL
and higher, no therapy for levels low,er
than 20 pg/dL, and left the option open
for all those in between. Chelation drugs
lower blood lead levels by forming a non-
covalent bond between the drug and the
imietal, catIsing the complex to be imore
soluble and therefore mnore readily excret-
ed in urinc. It is Linclear whether these
drugs reverse the effects of the lead expo-
stire because the mechanism bv which lead
delays development is unknown.

'1ibe NIEHS initiated a trial.
lreatnment of Lead-Exposed Children, to

test the hypothesis that children with
moderate blood lead levels treated with
succimer, an oral chelating drug, would
have higher scores than uuntreated children
onl cognitive and behavioral development
tests three vears after treatment.

Four sites Baltimore, Maryland;
C(incinnati/Columbus, Ohio; Newark,
New Jersey; and Philadelphia,
Pennsylvania-were selected for the rani-
domized, placebo-controlled, double-
blind trial. A cohort of 780 children
between the ages of 12 and 33 mnonths
with blood levels between 20() and 44
1ig/dL qualified for participation in the
trial. Investigators conducted baselinc age-
appropriate psychometric testing (the
Bavicv Scales of Infiant Development 11)
on the childrei. They also visited the chil-
dren's residcnices and took measuires tC)
reduice lead dust in the honme.

The children were giVCen up to three
26-day cotirses of succimiier or placebo
between August 1994 and january 1997.
They were seen at intervals throughout the
three years followving treatment, and given
final IQ tests and other cognitive and
behavioral tests, which are onini01g.
Rogan saxTs all testing should be complete
by the end of this year, and the results
should be ptiblished in 2000.

Brandy E. Fisher

Asthma and Allergy Web Site
The NIEHS recently launched a new Web site dedicated to asthma and allergies. The
home page, located at http://www.niehs.nih.gov/airborne/home.htm, offers links to
three major subjects-research studies, allergy prevention, and resources.

The link to research studies provides information about the ongoing asthma studies
and programs at the NIEHS. TFhe prevalence of asthma has progressively increased over
the past 1 5 years, now affecting 8-12% of the population and disproportionately affect-
ing children, minorities, and people of lower socioeconomic status.

This page offers links to the five major areas of asthma research being investigated at
the NIEHS-primary prevention, secondary prevention, risk assessment, pathogenesis
and mechanisms, and genetics. These links offer details about specific NIEHS studies,
including the Environmental Intervention in the Primary Prevention of Asthma in
Children, the Inner-City Asthma Study, the National Allergen Survey, the Pulmonary
Pathobiology Program, and the Environmental Genome Project.

The Allergy Prevention link on the home page provides detailed information on how
to reduce exposure to common allergens and asthma irritants such as cigarette smoke,
cockroaches, dust mites, food, grass, house dust, mold spores, pet dander, ragweed, and
trees. These tips are adapted from a calendar produced by the NIEHS called "Surviving
the Seasons: Asthma and Allergy Prevention."

The Resources link on the home page offers links to other organizations and Web
sites that provide information on asthma and allergies, including the American Lung
Association, the National Allergy Bureau, and the Allergy and Asthma Network.
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